Synovial cysts are rare, and they occur even more rarely bilaterally or in the cervical spine. A 38year-old previously healthy female presented with acute onset of numbness and tingling down her arms and weakness in her legs, which progressed steadily over 2-3 weeks to include significant gait disturbance. She denied bowel or bladder symptoms, saddle anesthesia, night sweats, weight loss, fever, or chills. MRI spine revealed a C7-T1 extradural mass consistent with bilateral synovial cysts emanating from bilateral neuroforamina resulting in critical spinal cord compression with T2 signal change in the cord. There was questionable patch enhancement after gadolinium contrast. The patient underwent C7-T1 laminectomies and partial bilateral medial facetectomies with excision of the cysts. Intraoperative cultures unexpectedly grew Staphylococcus aureus, suggesting superinfection of cysts. The patient recovered neurologic function postoperatively and was discharged on a 6-week course of IV antibiotics. We report and discuss the clinical presentation, pathogenesis, and neuroradiological findings in an adult case of bilateral synovial cysts at the C-T-spine junction. Immediate resection at symptom onset is indicated due to the good clinical outcome following resection and the real risk of paralysis if cysts are not excised in a timely fashion. (A) Sagittal T1-weighted MRI showing an extradural mass isointense to spinal cord at C7-T1 (green arrow), (B) Sagittal T2-weighted MRI showing an isointense mass (green arrow), (C) Sagittal postcontrast T1-weighted MRI showing a partially enhancing lesion with cord compression at C7-T1 (green arrow), (D) Axial postcontrast T1-weighted MRI showing bilateral foraminal nerve root compression at C7-T1 (red arrows) Initial physical examination revealed a mild decrease in handgrip strength bilaterally (4/5). Deep tendon reflexes (DTRs) of the upper extremities were normal bilaterally (2+/4). Both lower extremities (LE) were 4/5 in strength with unremarkable DTRs (2+/4). Hoffman's and Babinski reflexes were positive bilaterally. Sensory examination revealed normal light touch, vibration, proprioception, and pinprick sensation in all extremities.
Introduction
Spinal synovial cysts (SSCs) are pathologic collections of synovial fluid and/or other materials lined by synovial membrane located close to the facet joints [1] . SSCs occur more commonly in the lumbar and thoracic spine, with only a few reports of cervical spinal synovial cysts (CSSCs) [2] . We present a case of bilateral CSSCs in a 38-year-old female.
Case Presentation
A 38-year-old previously healthy Caucasian female presented with 2-3 weeks of numbness and tingling in her upper extremities and weakness in her lower extremities that progressed steadily to gait disturbances and marked leg weakness (Figure 1) . MRI of the cervical spine revealed a C7-T1 extradural mass emanating from bilateral neuroforamina, resulting in critical spinal cord compression with T2 signal change in the cord at C7-T1. The mass exhibited questionable patch enhancement after gadolinium contrast (Figure 2) . The patient presented to us for a second opinion. Laboratory analysis performed on the day of hospital admission revealed an elevated white blood cell count (22,000 cells/mm 3 ).
The patient was admitted to our hospital, and an expedited decompression procedure with resection of the lesions and possible instrumented fusion was planned for hospital day-one. The risks, benefits, and side effects of surgery, disease progression, prognosis, and possible alternative treatment options were discussed with the patient.
Bilateral laminectomies and partial medial facetectomies were performed at C7 and T1 under general anesthesia in the prone position. Bilateral lesions that appeared to be emanating from the C7-T1 facet joints were identified (Figure 3) , and careful dissection of a plane between the cervical spinal cord and the lesions was performed. On gross intraoperative examination, the lesions appeared to be synovial cysts with no evidence of purulent drainage. After the capsule was dissected, complete en bloc microscopic excision of the bilateral lesions was performed, and the lesions were removed as two separate pieces. Pieces (not whole cysts) were sent for histopathological examination, Gram stain, and cultures. Intraoperative blood loss was minimal. The patient received perioperative vancomycin 1500mg IV and ceftriaxone 2g IV. We decided against spinal instrumentation given the risk for persistent infection in the setting of new hardware placement, as well as the fact that only minimal facetectomies were necessary to access the lesion safely.
FIGURE 3: Intraoperative Photograph
Intraoperative photograph showing an extradural extramedullary lesion emanating from facet joints bilaterally at C7-T1
Histopathological examination of the epidural C7-T1 masses revealed connective tissue, tendon, and degenerating fibrocartilage with reactive changes (Figure 4) . Synovial cyst or lining was not identified but could not be excluded. On postoperative day one, the patient received a four-day dexamethasone taper and Miami J collar to be worn until follow-up. Aerobic intraoperative wound cultures returned positive for Staphylococcus aureus susceptible to vancomycin. C-reactive protein was elevated (32.9mg/L), while procalcitonin was and remained normal (<0.08ng/mL). The patient was started on vancomycin IV 1.5g and cefazolin IV 2gm every eight hours. Blood cultures remained negative. The patient remained afebrile during her hospital stay.
On postoperative day two, post-operative C-spine MRI demonstrated interval C7 and T1 laminectomies with excellent gross total resection of the bilateral neural foraminal rimenhancing extra-axial lesions and decompression of the severe lateral spinal cord compression ( Figure 5) . A small amount of abnormal signal was seen in the dorsal spinal cord at the C7-T1 level, most likely edema related to the relieved spinal cord compression ( Figure 5 ). Erythrocyte sedimentation rate was within normal limits (<18mm/h). Antibiotic coverage was narrowed to vancomycin alone, and vancomycin dose was increased to 1.75g every eight hours due to low vancomycin trough concentrations. On postoperative day four, the patient received a peripherally inserted central catheter (PICC) line to continue IV vancomycin for eight weeks. The patient was discharged on postoperative day six having discontinued all narcotics and antispasmodics and able to ambulate with a rolling walker with assistance.
On postoperative week one, the patient was seen in the outpatient clinic, where she reported significant improvement in leg strength and minimal axial neck tenderness. Strength in bilateral upper extremities was 5/5, while strength in bilateral lower extremities remained 4/5. Physical therapy for continued lower extremity strength improvement was recommended. The patient presented to the clinic with a generalized rash. At the recommendation of the Infectious Disease team, she was switched from IV vancomycin to IV daptomycin 600mg every 24 hours.
After 41 days on daptomycin, the PICC line was discontinued on postoperative day 55 and antibiotics were switched to PO doxycycline for four days to complete a full 8-week course.
At postoperative week 16, the patient had begun walking with a cane instead of a walker, and LE strength was improved to 4+/5 throughout. By postoperative week 19, the patient had regained full bilateral LE strength 5/5. The patient felt her strength was significantly improved and was satisfied with her care.
Discussion
SSCs are an uncommon cause of radiculopathy and myelopathy [3] . They are defined as fluidfilled collections lined by cyst wall and are found in the vicinity of facet synovial joints [1, 4] . Synovial cysts in the spine have been identified more frequently in areas with greater mobility (e.g., L4-L5) and spondylolisthesis and may be products of spinal instability [2, 5, 6] .
SSCs are usually found along with degenerative changes in the lumbosacral facet joints in older individuals, with reported frequencies ranging from 0.6 to 7.3% in patients with myelopathy or radiculopathy [7] [8] [9] [10] . The thoracic spine is the second most common location of SSCs [11, 12] . In contrast, CSSCs are rare. CSSCs have been classified as cysts occurring in the atlantoaxial junction, and those occurring beneath the atlantoaxial junction (sub-axial CSSCs), including cervicothoracic SSCs. We found 138 reported cases of CSSCs.
We performed a systematic review of previously reported CSSCs (see Appendices) [13] . Based on our review of the literature, sub-axial CSSCs comprise the majority of reported CSSCs (65%); cervicothoracic CSSCs comprised a slight majority of the sub-axial reported CSSCs. Table 1 summarizes all reported cases of CSSCs in the literature.
Location n (%)
Atlanto-axial 57 ( Pathologic classifications of SSC have been protean. Recently, a classification of SCC based on histological findings was proposed by Chebib et al. at the Massachusetts General Hospital, with SCC being classified as cysts with a synovial lining (true synovial cysts), pseudocysts formed from degenerated ligamentum flavum, and pseudocysts without a synovial lining and without evidence of involvement of the ligamentum flavum [14] . While no synovial cyst lining was observed in our histopathology, confirmatory synovial linings in pathology reports have been sparse in previous case series, with up to 71% of true synovial cysts having incomplete synovial lining [15] . The diagnosis of synovial cysts can be even more challenging when a superimposed infection occurs as was the case in Freedman et al.'s (2010) case report of a 63-year-old man with superinfected synovial cysts of the lumbar spine [16] . To the best of our knowledge, ours and the case reported by Freedman et al. are the only reported cases of superinfected synovial cysts in the literature. Freedman et al. delineate diagnostic clues for identifying infection of synovial cysts, including rapid progression of symptoms and lack of fever. Their patient exhibited a positive culture for Staphylococcus aureus that was managed with culture-specific IV vancomycin for six weeks leading to an almost complete recovery of motor function and resolution of back pain. These findings, including positive S. aureus culture, lack of fever, and rapidly developing motor weakness, closely align with those observed in our case report [16] . Thus, despite a lack of synovial cyst lining in our histopathology specimen, synovial cysts remain our leading differential diagnosis. Bilateral septic arthritis of the facet joints as well as discitis with a cystic inflammatory reaction, or an epidural abscess are considered further down on our differential diagnosis.
Unilateral CSSCs are rare. Two case reports exist; a CSCC at the cervicothoracic junction in which the spinal cord and C8 nerve root were impinged, and a CSCC at C4-C5 in an asymptomatic patient that developed weakness in all extremities and fecal incontinence after a fall [17, 18] . SSCs occur very rarely bilaterally. Of 194 patients surgically treated for symptomatic lumbar synovial cysts at Mayo clinic over 24 years, only eight patients presented with bilateral synovial cysts [10] . To the best of our knowledge, only two other case reports of a bilateral CSSCs exist; one in a 64-year-old male at the C7 joint, and one of a 60-year-old male at the atlantoaxial junction [19, 20] .
Conclusions
Bilateral CSSCs are a rare cause of myelopathy and radiculopathy, may become superinfected, and require intervention.
Appendices Appendix 1. Systematic Review of Previously Reported Cervical Spinal Synovial Cysts
We performed a systematic review of previously reported CSSCs. We used the statement "synovial" OR "ganglion" AND "cyst" AND "cervical" for interrogating PubMed and limited the scope of our review to the latest 20 years (i.e. January 1st, 1999 to December 31st, 2018). We identified 170 records and screened their titles and abstracts for relevance. After eliminating irrelevant titles and abstracts we assessed 77 full-text articles for eligibility and excluded three full-text articles that were not case reports and/or were case reports in non-humans. Ultimately, we included a total of 74 full-text articles in our systematic review ( Figure 6) . The case reports included in this systematic review are summarized in Table 2 . 
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